Background and Objectives-Humans have the dual capacity to assign a slightly pleasant valence to neutral stimuli (the positivity offset) to encourage approach behaviors, as well as to assign a higher negative valence to unpleasant images relative to the positive valence to equally arousing and extreme pleasant images (the negativity bias) to facilitate defensive strategies. We conducted an experimental psychopathology study to examine the extent to which the negativity bias and the positivity offset differ in participants with and without major depression.
Conclusions-This study advances our understanding of the positive and negative valence systems in depression, highlighting the irregularities in the positive valence system. Keywords major depression; IAPS; negativity bias; positivity offset; positive valence; negative valence Continued accurate interpretation of emotional information is essential for guiding humans towards safety and resources (Lang et al., 1990; Phaf et al., 2014) . Our affect system should be finely attuned to assess emotional information accurately with greater interest and attention to unpleasant relative to pleasant information to ensure survival from threatening scenarios (Baumeister et al., 2001 ). However, depression may influence the function of the affect system, as captured by the results from experimental paradigms of standardized images designed to elicit affective evaluations in valence units (CSEA-NIMH, 1999; Lang et al., 1999) . Specifically, results have shown that depressed participants issue valence ratings that are significant higher and lower than healthy controls (Bylsma, Morris, & Rottenberg, 2008; Roiser, Elliott, & Sahakian, 2012) , suggesting that evaluative responses to emotional stimuli may be associated with depressive illness beyond the effects of medication and health problems (Harmer, Heinzen, O'Sullivan, Ayres, Cowen, 2008; Wardle & deWit, 2012) .
This study investigates the applicability of the Evaluative Space Model (ESM; Cacioppo, Berntson, Larsen, Poehlmann, Ito, 2000; Cacioppo & Berntson, 1994; Cacioppo et al., 1997 Cacioppo et al., , 1999 to depressed individuals as they evaluate emotional visual stimuli, a research area that has yet to be studied. The ESM proposes that the affect system is characterized by two separable and asymmetric responses to affective stimuli. The first dimension, the positivity offset, represents the propensity of the affect system to attribute subtle positivity to neutral information (Boucher & Osgood, 1969; Cacioppo et al., 1997) . Research reports show that the default neutral emotional state is slightly positive, stable over time, and regained quickly after unpleasant events (Diener & Diener, 1996; Gilbert, Pinel, Wilson, Blumberg, & Wheatley, 1998) .
The second dimension of the affect system, the negativity bias, is the assignment of higher negative valence to unpleasant information as compared to the positive valence assigned to pleasant information, when controlling for the arousal and extremity of the images. Experimental studies have shown that unpleasant stimuli evoke more pronounced and rapid automatic responses than equally extreme and arousing pleasant stimuli (Cacioppo et al., 1997; Delplanque, Silvert, Hot, & Sequeira, 2005; Huang & Luo, 2009; Kisley et al., 2007) . Furthermore, the negativity bias has been associated with physiological indices, including a larger late positive potential (LPP, Ito & Cacioppo, 2005; Ito, Larsen, Smith, & Cacioppo, 1998; Smith et al., 2006) , increased corrugator activity (Neta, Norris, & Whalen, 2009) , and increased neural activation of the left inferior frontal gyrus (Gollan et al,. 2015) . Finally, the negativity bias has been generalized across different modalities (e.g., visual, auditory) and stimuli types (e.g., pictures, words; Norris, Larsen, Crawford et al., 2011; Larsen, Norris, McGraw, Hawkley, & Cacioppo, 2009 ).
Given preferential processing of unpleasant information when attention resources are inadequate, as commonly observed among depressed individuals (Huang & Luo, 2009) , depressed relative to healthy individuals may show a higher negativity bias. However, because the negativity bias is evoked early in the stream of information processing (Lang, Nelson & Collins, 1990) , depressed individuals may not show irregularities in the negativity bias (Dong, Zhou, Zhao, & Lu, 2011) . Additionally, a low positivity offset may reflect a functional irregularity of the positive valence system when viewing neutral information, suggesting the individual's difficulty in generating positive affect, experiencing weaker positive affect when activated, or trouble sustaining positive affect once generated (Forbes & Dahl, 2005) .
The objective of this study was to compare the extent to which depressed and healthy adults differ in their positivity offset and negativity bias, as defined by the ESM, when exposed to unpleasant, neutral, and pleasant images. Based on the findings suggesting heightened preferential processing of unpleasant images, we hypothesized that relative to healthy controls, depressed participants would show a significantly higher negativity bias and a significantly lower positivity offset.
Method Participants
Forty-one participants with a primary diagnosis of major depression using the Diagnostic and Statistical Manual of Mental Disorders (4 th ed.; APA. DSM-IV) and scores ≥ 24 on the Inventory of Depressive Symptomatology-Clinician Rated (IDS-C; Rush et al., 1986) were enrolled into a behavioral treatment trial (16 weeks of Behavioral Activation) at Northwestern University's Feinberg School of Medicine in Chicago, Illinois. An additional 36 participants with no lifetime psychiatric symptoms and scores ≤ 11 on the IDS-C were enrolled. This study was approved by the ethics committees and informed consent was provided by all participants. Data collection occurred between 5/2009 and 7/2011.
The majority of the total sample was female (n = 46, 59.7%), with a mean age of 35 years (SD = 13y, range = 19 -49y), and with about half having obtained college degrees (n = 33, 43%). Demographic information is provided on Table 1 . Differences were observed in Hispanic ethnicity between groups.
Inclusion criteria specified participants between ages 18 and 65 years, medically healthy, medication-free, and with no medication washout. Exclusion criteria included lifetime bipolar disorder, psychosis, obsessive-compulsive disorder, substance abuse/dependence, and some personality disorders (i.e., borderline, schizoid, schizotypal, antisocial).
Measures
The Structured Clinical Interview for the DSM-IV Axis I Disorders, Outpatient Version (SCID, ) is a semi-structured interview designed to assess DSM-IV diagnoses. The SCID has adequate inter-rater reliability with kappa values for modules reported to be between .70 and 1.00 (First et al., 1995 . Our evaluators, Ph.D. graduate students, underwent a training program with SCID training tapes (Spitzer, Williams, Gibbon, & First, 1989) , formal training, observing and demonstrating SCID competency, and corating and reviewing SCID interviews. Our reliability checks of three separate tapes yielded kappa coefficients of .83 for the Mood module and .93 for the Anxiety module.
The Structured Clinical Interview for DSM-IV Axis II Disorders Questionnaire (SCID-II; ) is a 47-item self-report screen used to exclude participants who endorse symptoms of borderline, schizoid, schizotypal, antisocial personality disorders.
The Inventory of Depressive Symptomatology -Clinician-Rated (IDS-C; Rush, Giles, Schlesser, Fulton, Weissenburger, Burns, 1986; Rush, Carmody, & Reimitz, 2000; Rush, Trivedi, Ibrahim, Carmody, Arnow, Klein, et al., 2003 ) is a 30-item measure that assesses DSM-IV symptoms of depression. The inter-rater reliability estimate from this study was .
87. We chose the IDS rather than other clinician scales because of its strong psychometric data and free access (Rush et al., 1986 (Rush et al., , 2003 .
The Inventory of Depressive Symptomatology -Self-Rated (IDS-SR; Rush et al., 1986 Rush et al., , 2003 ) is a 30-item measure of depression severity. Convergent validity with the IDS-C in our sample was strong with correlations of .964 at pre-treatment and .910 at post-treatment.
The Implicit Affect Task (Norris et al., 2011 ) is a computer-based task that presents color pictures from the International Affective Picture System (IAPS; CSEA-NIMH, 1999; Lang et al., 1999) , during which participants issue valence ratings while viewing emotional images. Images were equally split into three categories each of 80 images, based on their normative valence ratings: pleasant, neutral, and unpleasant. 1 Participants were informed that they would see pictures of varied emotional content and that they should view each picture for the full presentation period. Images were presented in one of two pre-determined pseudo-random orders (counterbalanced across participants) during both assessments. Each trial consisted of a 0.5 second baseline period, 4 second image presentation period, and a self-paced rating period. A fixation point appeared at the center of the screen during the baseline period, which was replaced by the image centered on the screen during the presentation period. Participants indicated their positive and negative responses to each picture using the Evaluative Space Grid (ESG), a 5 (0 = not at all to 4 = extremely positive) ×5 (0 = not at all to 4 = extremely negative) matrix (Larsen et al., 2009) , with positive valence reflected on the horizontal axis and negative valence on the vertical axis. Participants were instructed to move the mouse to one of the 25 cells in the 5×5 matrix to indicate the intensity of their positive and negative responses. Positivity offset was calculated as the difference between the mean positive ratings and mean negative ratings of neutral images. Negativity bias was calculated as the difference in the mean negative valence ratings of very unpleasant images minus the positive valence ratings of very pleasant images (Norris et al., 2011) . and then invited to the laboratory for two assessments separated by one week. During the first assessment, participants provided informed consent, passed a toxicology urine screen, and completed the clinical interview and self-report questionnaires. During the second assessment, participants were asked to sign another consent form, take a second toxicology urine screen, and undergo a 25 minute psychophysiology assessment (Gollan et al., 2014) . Thereafter, depressed participants were enrolled into 16 weeks of BA treatment, and healthy participants were tracked prospectively for 16 weeks. Participants returned at Weeks 8 and 16 to complete the assessment battery again. Gollan et al., (2015) describe the main treatment response findings. At the end of the project, all patients were compensated and debriefed.
Analytic Plan
We conducted tests of differences of demographic and clinical characteristics using Analysis of Variance (ANOVA) for continuous variables and Chi-square tests of independence for categorical variables. In the presence of small or empty cells in the tests of categorical variables, the Chi-square test was replaced by Fisher's exact test. Analyses were 2-tailed at the .05 level of significance. We used an ANOVA to test group difference between the negativity bias and the positivity offset.
Results

Demographic and Clinical Characteristics
Chi-square analyses showed the depressed group was more likely to be Hispanic and showed a trend towards greater unemployment, No other demographic characteristics were significant (Table 1) . Table 2 presents the clinical characteristics by group and the F test to examine group differences. As expected, significant differences were evident on pretreatment depression severity between depressed and healthy groups. 
Group Differences in Affective Reactivity
Discussion
This experimental psychopathology study investigated group differences in the negativity bias and the positivity offset between depressed and healthy adults. Consistent with our hypothesis, negativity bias was higher and positivity offset was lower in depressed relative to healthy participants. In our sample of healthy participants, the negativity bias and positivity offset scores were similar with the results of previous tests of the ESM model, suggesting that there is a definable and replicable function of the positive valence system when individuals are psychiatrically healthy (Cacioppo et al., 2000; Ito and Cacioppo, 2005; Norris et al., 2011) . However, our results suggest that there is imbalance of the affective asymmetries when a person experiences clinical depression. Though this is the first demonstration of a skewed asymmetry, our results align with prior research that depressed individuals show an increased reactivity to unpleasant relative to pleasant information (Canli et al., 2004; Siegle et al., 2002) . However, our results do not align with findings from a meta-analysis showing a small effect size for lower emotional reactivity to unpleasant stimuli in depressed participants compared to normal controls (Bylsma et al., 2008) , and with results of lower regional activation of the amygdala in response to fear compared with neutral stimuli in depressed relative to healthy participants (Drevets, 2001 ).
The functionality of the positive valence dimension may explain our results: The positivity offset and the negativity bias both rely on activation of the positive valence dimension. If this dimension were to be hypoactive, it would elicit higher ratings of unpleasant stimuli relative to pleasant stimuli, and further, suppress ratings of the positive valence dimension with the positivity offset when presented with neutral stimuli. Our results demonstrated that depressed participants evaluated pleasant and neutral stimuli as less positive relative to healthy participants, suggesting the failure of a mechanism in the positive valence system in individuals with depression. This interpretation is consistent with prior findings showing that positive emotional reactivity is lower in depressed individuals (Bylsma et al., 2008) and that depressed participants show an impaired incentive motivation while their aversive motivation remains intact (Canli, Desmond, Zhao, Glover, & Gabrieli, 1998) , though not all studies may support this idea (Lautenbacher, Roscher, Strian, Fassbender, Krumney, Krieg, 1994) .
Though this study advances our understanding of the affective asymmetries in depressed adults, there are several limitations worth highlighting. First, this is a preliminary study in which we used an in vivo behavioral task of the negativity bias and the positivity offset that has been tested in several laboratories. Additional testing of the task is required to ensure replication of these results. Second, though the judgment-based task has shown to be stable over time, it is possible that treatment seeking participants respond differently to this task relative to non-treatment seeking depressed individuals. Third, the use of a paradigm designed to measure negativity bias and positivity offset (Norris et al., 2011) along with the affect matrix over a traditional bipolar valence scale strengthens the study, but this task is designed to test the ESM model specifically, and hence, cannot be directly compared with other tasks. Fourth, we enrolled unmedicated participants to constrain the influence of medications on affective responses (Harmer et al., 2008) ; so our findings may not apply to depressed individuals who use medications. Finally, this study did not have a depressed participants with subsyndromal depression, thus we cannot clarify the nature of the association (e.g., curvilinear vs. linear) between the negativity bias and positivity offset and depressive symptom severity.
Despite the limitations, results suggest irregularities in the positivity offset and negativity in adults with depression. Directions for new research include explicating the association between functional dimensions of depression (e.g., anhedonia) and the affective asymmetries Gollan et al. Page 6 J Behav Ther Exp Psychiatry. Author manuscript; available in PMC 2017 November 14.
and using neuroimaging techniques to characterize neural mechanisms and functional capacities correlated with these two dimensions of affect.
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36 (12) 35 (14) 35 (13) F(1,76) = .11, p = .74
Note. MDD = Major Depressive 2 Disorder.
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